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(57) Abstract: The present invention provides a gasketed fuel cell membrane electrode assembly comprising: a polymer electrolyte 
membrane; layers of anode and cathode catalyst; anode-side and cathode-side fluid transport layer; and anode-side and cathode-side 
gaskets; where the gaskets comprise an elastomeric gasket material which is impregnated into the outer edge portions of the respective 
fluid transport layer; and where at least a portion of the contact face of each gasket bears a raised-ridge microstructured contact 
pattern. The gasketed fuel cell membrane electrode assembly according to the present invention may additionally comprise a rigid, 
non-elastomeric anode-side and cathode-side shims positioned between at least a portion of the gasket and the polymer electrolyte 
membrane. The raised-ridge microstructured contact pattern preferably comprises ridges which meet at joining points, wherein no 
more than three ridges meet at any one joining point. Such raised-ridge microstructured contact patterns may be hexagonal patterns or 
degenerate hexagonal patterns. In another aspect, the present invention provides a method of making a gasketed fuel cell membrane 
electrode assembly by simultaneously binding together the parts of the MEA, impregnating uncured elastomeric gasket material into 
the outer edge portions of each fluid transport layer, and substantially curing the uncured elastomeric gasket material so as to form 
anode-side and cathode-side gaskets. In order to form a raised-ridge microstructured contact pattern on the contact face of each 
gasket, patterning plates bearing a negative relief of a raised-ridge microstructured contact pattern may be positioned between the 
press platens and the uncured elastomeric gasket material. 
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Fuel Cell Membrane Electrode Assembly with Sealing Surfaces 

Field of the Invention 

This invention relates to membrane electrode assemblies (MEA's) for use in fuel 
cells, such as hydrogen fuel cells, and methods of their manufacture. The MEA's have an 
integral gasket or seal with a microstructured sealing surface, typically in a hexagonal or 
degenerate hexagonal pattem. 

Background of the Invention 

U.S. 2001/0,019,790 and U.S. 2001/0,019,791 disclose a fuel cell comprising a 
multi-lobe gasket which may be molded to a polymer electrolyte membrane. 
15 U.S. 6,337,120 discloses a gasket formed into a groove of a sheet material. 

U.S. 6,261,71 1 discloses a seal for a fuel cell which includes a gasket disposed 
within a groove in a fuel cell flow plate. 

U.S. 6,159,628 discloses a fuel cell including porous substrates impregnated at 
their periphery with a thermoplastic material, 
20 U.S. 6,080,503 discloses a fuel cell wherein a MEA is adhesively bound to one or 

more separator plates. 

U.S. 6,057,054 discloses, in some embodiments, an MEA having co-extensive 
polymer electroljle membrane and porous electrode layers having a seal material such as 
silicone impregnated into the porous electrode layers. The reference discloses, in other 
25 embodiments, an MEA having a seal material impregnated into the porous electrode layers 
thereof, where the seal extends beyond the MEA. The seal may include a pattem of ribs 
and cross-ribs. 

U.S. 5,928,807 discloses a polymer electrolyte fuel cell including an elastic, 
plasticaUy deformable and electrically conductive graphite seal. 
30 U.S. 5,464,700 discloses a gasketing system for a fuel cell membrane electrode 

assembly (MEA) intended to minimize the amount of polymer electrolyte membrane 
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material in the fuel cell by employing a gasketing material instead of polymer electrolyte 
membrane material at the periphery. 

U.S. 5,441,621 discloses a sealing surface for fuel cell use which has a "crossed- 
ridge" pattern, and in particular a "crossed-ridge" pattern which forms square cells. The 
5 reference discloses a rigid cell frame embodying the crossed-ridge sealing surface. 

U.S. 5,264,299 discloses a porous support body for use in an MEA having a 
peripheral portion filled with elastomeric material. 

U.S. 4,721,555 discloses a solid seal means to be interposed between electrode 
frame members of an electrolysis cell. The reference describes electrolysis cells with an 
10 mtemal separator, such as color-alkali cells depicted in Figs. 17 and 18, and electrolysis 
ceUs without an internal separator, such as a chlorate cells. Figs. 8 and 9 disclose 
hexagonal pattems. 

Summary of the Invention 

15 Briefly, the present invention provides a gasketed fuel cell membrane electrode 

assembly comprising: a) a polymer electrol5^e membrane; b) a layer of anode catalyst; c)a 
layer of cathode catalyst; d) an anode-side fluid transport layer; e) a cathode-side fluid 
transport layer; f) an anode-side gasket; and g) a cathode-side gasket; where the gaskets 
comprise an elastomeric gasket material; wherein the elastomeric material of each gasket 

20 is impregnated into the outer edge portions of the respective fluid transport layer; and 
where at least a portion of the contact face of each gasket bears a raised-ridge 
microstractured contact pattern. The outer perimeter of each of the gaskets is typically co- 
extensive with the outer perimeter of the polymer electrolj^e membrane. The gasketed 
ftiel cell membrane electrode assembly according to the present invention may additionally 

25 comprise: h) a rigid, non-elastomeric anode-side shim positioned between at least a portion 
of the anode-side gasket and the polymer electrolyte membrane; and j) a rigid, non- 
elastomeric cathode-side shim positioned between at least a portion of said cathode-side 
gasket and the polymer electrolyte membrane. The outer perimeter of the shims may be 
co-extensive with the outer perimeter of the polymer electrolyte membrane. The raised- 

30 ridge microstractured contact paUem preferably comprises ridges which meet at joining 

points, wherein no more than three ridges meet at any one joining point. Such raised-ridge 
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microstructured contact patterns may be hexagonal patterns or degenerate hexagonal 
patterns. 

In another aspect, the present invention provides a method of making a gasketed 
fuel cell membrane electrode assembly by positioning between platens of a press: 1) an 
5 anode-side fluid transport layer, 2) a layer of anode catalyst material, 3) a polymer 

electrolyte membrane having an anode face with an outer edge portion and a cathode face 
with an outer edge portion, 4) a layer of cathode catalyst material, and 5) a cathode-side 
fluid transport layer; applying uncured elastomeric gasket material to the outer edge 
portion of the anode and cathode sides of the polymer electrolyte membrane; and applying 
10 heat and pressure so as to simultaneously bind together the parts of the MEA, impregnate 
said uncured elastomeric gasket material into the outer edge portions of each fluid 
transport layer, and substantially cure the uncured elastomeric gasket material so as to 
form anode-side and cathode-side gaskets. In order to form a raised-ridge microstnictured 
contact pattern on the contact face of each gasket, patterning plates, which bear a negative 
1 5 relief of a raised-ridge microstructured contact pattern, may be positioned between one or 
both platens of said press and the uncured elastomeric gasket material. Typically, the edge 
of the MEA thus formed are trimmed by any suitable method so that that the outer 
perimeter of each gasket will be co-extensive with the outer perimeter of the PEM. 

What has not been described in the art, and is provided by the present invention, is 
20 a membrane electrode assembly with an integral microstructured gasket or seal which is 
co-terminal with the polymer electrolyte membrane and impregnated into fluid transport 
layers, which are not co-extensive with the polymer electrolyte membrane, and in 
particular where the seal bears a hexagonal or degenerate hexagonal pattern of raised 
ridges. 

25 In this application: 

"microstructured" means, with reference to a pattern of ridges, substantially 
composed of ridges having a width of less than 1,000 micrometers, more typicaUy less 
than 600 micrometers, and most typicaUy less than 300 micrometers, and having a depth 
(height) of no more than 250 micrometers, more typically less than 150 micrometers, and 

30 most typically less than 100 micrometers; 
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"hexagonal pattern" means a pattern of ridges substantially according to the rule 
that no more than three ridges meet at one point, which chiefly comprises 6-sided 
(hexagonal) cells, such as depicted in Figs. 3a and 3b, and which may include incomplete 
cells in edge areas; 

"degenerate hexagonal pattern" means a pattern of ridges substantially according to 
the rule that no more than three ridges meet at one point, which chiefly comprises 3-, 4- or 
5-sided cells that may be derived from 6-sided (hexagonal) cells by making parallel two or 
more consecutive sides of a 6-sided (hexagonal) ceU, such as depicted in Hgs. 4a and 4b, 
and which may include incomplete cells in edge areas; 

"integral gasket" means, with reference to an MEA, a gasket bound to the polymer 
electrolyte membrane of the MEA, the fluid transport layer of the MEA, or both, and most 
typically a gasket comprising gasket material which impregnates the fluid transport layer 
of the MEA. 

It is an advantage of the present invention to provide an MEA with an improved 
and integral seal or gasket for use in a fuel ceU which can seal to low tolerance mating 
parts, under low seal force, with an integral hard stop to prevent overcompression. In 
addition, it is an advantage of the present invention to provide an MEA wherein the PEM 
is protected and mechanically supported over the entirety of both faces, by FTL, gasket, or 
both; thus enabling the use of a thinner PEM. 



Brief Description of the Drawing 

Fig. lis a schematic depiction of a cross-section of an edge portion of a membrane 
electrode assembly according to the present invention. 

Fig. 2 is a schematic depiction of a cross-section of an edge portion of a membrane 
electrode assembly according to the present invention. 

Figs. 3a and 3b depict hexagonal patterns useful in the practice of the present 
inveiition. 

Figs. 4a and 4b depict degenerate hexagonal patterns useful in the practice of the 
present invention. 

Fig. 5 is a graph of compression vs. applied pressure for a microstructured gasket 
material (A) and a comparative unmicrostructured gasket material (B). 
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Detailed Description of Preferred Embodiments 

The present invention provides a membrane electrode assembly with an integral 
microstructured gasket or seal which can advantageously seal to low tolerance mating 
5 parts, under low seal force, with an integral hard stop to prevent overcompression. 

A membrane electrode assembly (MEA) is the central element of proton exchange 
membrane fuel cells such as hydrogen fuel cells. Fuel cells are electrochemical cells 
which produce usable electricity by the catalyzed combination of a fuel such as hydrogen 
and an oxidant such as oxygen* Typical MEA's comprise a polymer electrolyte membrane 

10 (PEM) (also known as an ion conductive membrane (ICM)), which functions as a solid 
electrolyte. One face of the PEM is in contact with an anode electrode layer and the 
opposite face is in contact with a cathode electrode layer. Each electrode layer includes 
electrochemical catalysts, typically including platinum metal. Huid transport layers 
(FTL's) facilitate gas transport to and from the anode and cathode electrode materials and 

15 conduct electrical current. In a typical PEM fuel cell, protons are formed at the anode via 
hydrogen oxidation and transported to the cathode to react with oxygen, allowing electrical 
current to flow in an external circuit connecting the electrodes. The I^TL may also be 
called a gas diffusion layer (GDL) or a diffuser/current collector (DCC). The anode and 
cathode electrode layers may be applied to the PEM or to the FTL during manufacture, so 

20 long as they are disposed between PEM and FTL in the completed MEA. 

Any suitable PEM may be used in the practice of the present invention. The PEM 
typically has a thickness of less than 50 pm, more typically less than 40 jmi, more typically 
less than SOpm, and most typically about 25fim. The PEM is typically comprised of a 
polymer electrolyte that is an acid-functional fluoropolymer, such as Nation® (DuPont 

25 Chemicals, Wilmington DE) and Flemion^" (Asahi Glass Co. Ltd., Tokyo, Japan). The 
polymer electrolytes useful in the present invention are typically preferably copolymers of 
tetrafluoroethylene and one or more fluorinated, acid-fiinctional comonomers. Typically 
the polymer electrolj^e bears sulfonate functional groups. Most typically the polymer 
electrolyte is Nafion® . The polymer electrol3^e typically has an acid equivalent weight of 

30 1200 or less, more typically 1 100 or less, more typically 1050 or less, and most typically 
about 1000. 

-5- 



BNSCXXID: <WO^03096456A2 I > 



# 

wo 03/096456 



Any suitable FTL may be used in the practice of the present invention. Typically 
the FTL is comprised of sheet material comprising carbon fibers. Typically the FTL is a 
carbon fiber constraction selected from woven and non- woven carbon fiber constructions. 
Carbon fiber constructions which may be usefial in the practice of the present invention 
5 may include: Toray™ Carbon Paper, SpectraCarb™ Carbon Paper, AFNF" non-woven 

carbon cloth, Zoltek™ Carbon Cloth, and the like. The FTL may be coated or impregnated 
with various materials, including carbon particle coatings, hydrophilizing treatments, and 
hydrophobizing treatments such as coating with polytetrafluoroethylene (PTFE). 
Any suitable catalyst may be used in the practice of the present invention. 
10 Typically, carbon-supported catalyst particles are used. Typical carbon-supported catalyst 
particles are 50-90% carbon and 10-50% catalyst metal by weight, the catalyst metal 
typicaUy comprising Pt for the cathode and Pt and Ru in a weight ratio of 2: 1 for the 
anode. Typically, the catalyst is applied to the PEM or to the FTL in the fomi of a catalyst 
ink. The catalyst ink typically comprises polymer electrolyte material, which may or may 
15 not be the same polymer electrolyte material which comprises the PEM. The polymer 
electrolyte is typically an acid-ftinctional fluoropolymer, such as Nafion® (DuPont 
Chemicals, Wilmington DE) and Hemion*™ (Asahi Glass Co. Ltdr, Tokyo, Japan). The 
polymer electrolytes useful in inks for use in the present invention are typically preferably 
copolymers of tetrafluoroethylene and one or more fiuorinated, acid-functional 
20 comonomers. Typically the polymer electrolyte bears sulfonate functional groups. Most 
typically the polymer electrolyte is Nafion®. The polymer electrolyte typically has an 
equivalent weight of 1200 or less, more typically 1 100 or less, more typically 1050 or less, 
and most typically about 1000. The catalyst ink typically comprises a dispersion of 
catalyst particles in a dispersion of the polymer electrolyte. The ink typically contains 5- 
25 30% solids (i.e. polymer and catalyst) and more typically 10-20% solids. The electrolyte 
dispersion is typically an aqueous dispersion, which may additionally contain alcohols and 
polyalcohols such a glycerin and ethylene glycol. The water, alcohol, and polyalcohol 
content may be adjusted to alter rheological properties of the ink. The ink typically 
contains 0-50% alcohol and 0-20% polyalcohol. In addition, die ink may contain 0-2% of 
30 a suitable dispersant. The ink is typically made by stirring with heat followed by dilution 
to a coatable consistency. 
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The catalyst may be applied to the PEM or the FTL by any suitable means, 
including both hand and machine methods, including hand brushing, notch bar coating, 
fluid bearing die coating, wire-wound rod coating, fluid bearing coating, slot-fed knife 
coating, three-roll coating, or decal transfer. Coating may be achieved in one application 
5 or in multiple applications. 

With reference to Fi^. 1 and 2, the MEA according to the present invention 
comprises five layers, in the following order: an anode-side fluid transport layer (2), a thin 
layer of anode catalyst material (not shown), a polymer electrolyte membrane (1), a thin 
layer of cathode catalyst material (not shown), and a cathode-side fluid transport layer (3). 
10 Each catalyst layer contacts the PEM and one of the FTL's. The fluid transport layers (2,3) 
do not extend over the outer edge portion (6) of the polymer electrolyte membrane (1). 
The outer edge portion (6) of the polymer electrolyte membrane (1) has a non-zero width. 
Typically, the catalyst layers do not extend beyond the perimeter of their respective FTL's 
(2, 3). The MEA according to the present invention additionally comprises an anode-side 
gasket (10) extending over the outer edge portion (6) of the anode side of the PEM (1) and 
a cathode-side gasket (1 1) extending over the outer edge portion (6) of the cathode side of 
the PEM (1). Typically the outer perimeter (16,17) of each gasket (10,1 1) is co-extensive 
with the outer perimeter (7) of the PEM (1). In an alternate embodiment, the outer 
perimeter of each gasket may extend beyond the outer perimeter (7) of the PEM (1). Each 
gasket (10,1 1) has a contact face (14, 15). At least a portion of each contact face (14, 15) 
bears a raised-ridge microstractured contact pattern (12, 13), discussed more fully below. 
Also, discussed below, each gasket (10,1 1) comprises an elastomeric gasket material. The 
elastomeric material of each gasket (10.1 1) is impregnated into the outer edge portions 
(4,5) of the respective FTL (23). 

It is an advantage of the MEA according to the present invention that the PEM is 
protected and mechanically supported over the entirety of both faces, by FTL. gasket, or 
both. This permits use of a thinner PEM, typically less than 30nm in thickness, and more 
typically about 25nm in thickness. 

While Figs. 1 and 2 each represent a cross-section of an edge of an MEA according 
to the present invention, it will be readUy understood that MEA's according to the present 
invention will have similar edges on each side. The gasket may be of any suitable width. 
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The gasket width may vary around the circumference of an MEA. The gasket portion of 
the MEA may accommodate holes cut perpendicular to the plane of the MEA. The MEA 
may have any suitable perimeter shape. 

With reference to Fig. 2, one embodiment of the present invention additionaUy 
comprises a rigid, non-elastomeric anode-side shim 20 underlying the anode-side gasket 
10 and a rigid, non-elastomeric cathode-side shim 21 underlying the cathode-side gasket 
1 1. The shims function to limit compression of the MEA. The thickness of each shim 
(20,21) is less than 90% of the thickness of the respective FTL (2,3). TypicaUy, the outer 
perimeter (22, 23) of each shim (20. 21) is co-extensive with the outer perimeter (7) of the 
PEM (1). The shim may be made of any suitable material which is inert to the conditions 
of use of the MEA. The shim material is typically selected from materials such as 
polymers or ceramics, including polyesters such as polyethylene terphthalate (PET) and 
polyethylene naphthalate (PEN), polycarbonates, high density polyethylene, and fiberglass. 
The shim material is most typically selected from PET and PEN. 
15 The gasket may be made of any suitable elastomeric material) including rubbers, 

silicones, thermoplastic elastomers and elastomeric adhesives. The elastomeric gasket 
material is typicaUy selected from rubbers such as ethylene propylene diene monomer 
rubber (EPDM rubber) or butyl rubber, or siUcones; and is most typically silicone. The 
elastomeric gasket material is typically not electrically conductive. 

The raised-ridge microstructured contact pattern typically comprises ridges which 
meet at joining points, wherein no more than three ridges meet at any one joining point. 
The raised-ridge microstructured contact pattern according to the present invention is 
advantageously a hexagonal pattern, which may include ttie patterns depicted in Figs. 3a 
and 3b, or a degenerate hexagonal pattern, which may include the patterns depicted in 
25 Figs. 4a and 4b. The raised-ridge microstructured contact pattern according to the present 
invention is advantageously composed of ceUs so as to localize and prevent spread of any 
leakage. A pattern composed of cells also allows multiple holes to be cut in the gasket 
portion of the MEA, perpendicular to the plane of the MEA, without opening connecting 
passages between the holes. It will be understood that the contact surface according to the 
present invention is made of an elastomeric material that is not significantly compressible, 
but which is formed into shapes that deform under pressure to seal. The contact pattern 
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will advantageously allow room for the elastomeric material to migrate under pressure, 
even where the ridges meet at joining points. In an MEA according to the present 
invention, the maximum deformability of ridges in a pattern composed of ceUs is 
maintained by limiting the number of ridges meeting at any one joining point to three, the 
5 minimum allowed by geometry. 

The ridges that comprise the raised-ridge microstructured contact pattern typically 
have an unladen width of less than 1,000 micrometers, more typically less than 600 
micrometers, and most typically less than 300 micrometers, and typically have a depth 
(height) of no more than 250 micrometers, more typically less than 150 micrometers, and 
1 0 most typically less than 1 00 micrometers. 

The MEA according to the present invention may be made by any suitable method. 
Advantageously, the MEA according to the present invention is made by a single-step 
gasketing and binding process, as follows. 

In a method according to the present invention, the following layers, described 
more fully above, are positioned between platens of a press: 1) an anode-side fluid 
transport layer, 2) a layer of anode catalyst material, 3) a polymer electrolyte membrane 
having an anode face with an outer edge portion and a cathode face with an outer edge 
portion, 4) a layer of cathode catalyst material, and 5) a cathode-side fluid transport layer. 
Optionally, anode- and cathode-side shims are also positioned in the outer edge portions of 
the polymer electrolyte membrane. Uncured elastomeric gasket material is then applied to 
the outer edge portion of the anode and cathode sides of the polymer electrolyte 
membrane. The platens of the press are brought together and heat and pressure are applied 
so as to simultaneously bind together the parts of the MEA, impregnate said uncured 
elastomeric gasket material into the outer edge portions of each fluid transport layer, and 
substantially cure the uncured elastomeric gasket material so as to form anode-side and 
cathode-side gaskets. Substantially cured typically means cured to a degree such that the 
gasket material will maintain a stable shape in the absence of external force. More 
typically, substantially cured means essentially completely cured. A further curing step 
may follow. Suitable pressures, temperatures and durations are detennined with reference 
to the materials in use. Typical pressures are between 1 and 3 MPa, more typicaUy 
between 1 and 2 MPa. and most typically about 1 .7 MPa. Typical temperatures are 
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between 80 °C and 150 »C. more typically between 120 «>C and 140 "C and most typically 
about 132 °C. Typical durations are between 1 minute and 15 minutes, more typically 
between 3 and 8 minutes, and most typically about 5 minutes. 

Typically, the edged of the MEA thus formed are trimmed by any suitable method 
5 so that that the outer perimeter of each gasket will be co-extensive with the outer perimeter 
ofthePEM. 

In order to form a raised-ridge microstructured contact pattern on the contact face 
of each gasket, patterning plates, which bear a negative relief of a raised-ridge 
microstructured contact pattern, may be positioned between one or both platens of said 
10 press and the uncured elastomeric gasket material. 

This invention is usefol in the manufacture and operation of fuel cells. 

Objects and advantages of this invention are further illustrated by the following 
example, but the particular materials and amounts tiiereof recited in these examples, as 
well as other conditions and detaUs, should not be constraed to unduly limit this invention 

15 

Example 

Compression was measured as a function of applied pressure for a microstructured 
gasket material (A), such as used in the MEA's according to the present invention, and a 
comparative urmaicrostructured gasket material (B). 

Both samples were made from a two-part liquid silicone rubber (Dow Coming® 
D98-55, Dow Coming Corporation, Midland, ]Michigan). 

Sample A was 430 micrometers (17 mil) thick with a raised-ridge microstructured 
contact pattern on both faces. The microstructured ridges had a depth of 130 micrometers 
(5 mil), and a widtii of 250 micrometers (10 mil). The raised-ridge microstnictured contact 
pattern was essentially that disclosed in Fig. 4b. The average spacing between ridges 
(pitch) was 970 micrometers (38 mil) across the long side of each ceU and 840 
micrometers (33 mil) across the short side of each cell. 

Sample B had a smooth surfaces and was 430 micrometers (17 mil) thick. 
Samples A and B were made by mixing the two part silicone, applying the mixture 
between microstructured (Sample A) or flat (Sample B) platens, and curing at 132 °C for 
five minutes. 



20 
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The samples were placed in a Compression Tester, comprising a press equipped to 
compress a sample between two platens so as to allow measurement of compression at a 
given pressure. All aspects of the device were computer controlled. A load cell was used 
to measure the force required to bring the plates together. Compression was measured at a 
number of values of applied pressure. The resulting data are plotted in the stress/strain 
curves of Fig. 5. 

This graph illustrates the ability of the gasket material used in the MEA's 
according to the present invention to seal to low tolerance mating parts, under low seal 
force, and with an integral hard stop to prevent overcompression. 

Due to the microstructured contact pattern of Sample A, significant compression is 
achieved with low seal force. Sample A demonstrates a compression of 5% under pressure 
that produces only 1% compression in Comparative Sample B. 

The trace for Sample A indicates that the Sample A gasket materia] can seal 
effectively at between 5% and 25% compression, compared to an effective range of 1-3% 
for Comparative Sample B. Thus Sample A presents a much wider tolerance for variation 
in thickness of mating parts. 

Note that die slope of traces for Sample A and Sample B became similar once the 
micro-replicated ridges of Sample A became compressed. This change in compressibility 
presents a relative hard stop, which may be used to protect components of the MEA 
20 susceptible to crushing damage. 

Various modifications and alterations of this invention wiU become apparent to 
those skilled in the art without departing from the scope and principles of this invention, 
and it should be understood that this invention is not to be unduly limited to the illustrative 
embodiments set forth hereinabove. 

25 
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We claim: 

1 . A gasketed fuel cell membrane electrode assembly comprising: 

a) a polymer electrolyte membrane having an anode face with an outer edge 
portion, a cathode face with an outer edge portion, and an outer perimeter; 

b) a layer of anode catalyst material in contact with at least a portion of the 
anode face of said polymer electrolyte membrane; 

c) a layer of cathode catalyst material in contact with at least a portion of the 
cathode face of said polymer electrolyte membrane; 

d) an anode-side fluid transport layer having an outer edge portion, said 
anode-side fluid transport layer being in contact with said layer of anode catalyst material, 
said anode-side fluid transport layer not extending over the outw edge portion of the anode 
side of said polymer electrolyte membrane; 

e) a cathode-side fluid transport layer having an outer edge portion, said 
cathode-side fluid transport layer being in contact with said layer of cathode catalyst 

15 material, said cathode-side fluid transport layer not extending over the outer edge portion 
of the cathode side of said polymer electrolyte membrane; 

f) an anode-side gasket extending over the outer edge portion of the anode 
side of said polymer electrolyte membrane, said anode-side gasket having a contact face 
and an outer perimeter; and 

S) a cathode-side gasket extending over the outer edge portion of the cathode 
side of said polymer electrolyte membrane, said cathode-side gasket having a contact face 
and an outer perimeter; 

wherein said gaskets comprise an elastomeric gasket material; 

wherein the elastomeric material of each gasket is hnpregnated into the outer edge 
25 portions of the respective fluid transport layer; 

wherein at least a portion of the contact face of each of said gaskets bears a raised- 
ridge microstructured contact pattern. 

2. The gasketed fuel cell membrane electrode assembly according to claim 1 wherein 
30 the outer perimeter of each of said gaskets is co-extensive with the outer prnmeter of said 
polymer electrolyte membrane. 
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3. The gasketed fuel cell membrane electrode assembly according to claim 1 , 
additionally comprising: 

h) a rigid, non-elastomeric anode-side shim having an outer perimeter, said 
anode-side shim being positioned between at least a portion of said anode-side gasket and 
the anode face of said polymer electrolyte membrane, said anode-side shim having a 
thickness which is less than 90% of the thickness of the anode-side fluid transport^layer; 

j) a rigid, non-elastomeric cathode-side shim having an outer perimeter, said 
cathode-side shim being positioned between at least a portion of said cathode-side gasket 
and the cathode face of said polymer electrolyte membrane, said cathode-side shim having 
a thickness which is less than 90% of the thickness of the cathode-side fluid transport 
layer. 



4. The gasketed fuel cell membrane electrode assembly according to claim 3, wherein 
15 the outer perimeter of each of said shims is co-extensive with the outer perimeter of said 

polymer electrolyte membrane. 

5. The gasketed fuel cell membrane electrode assembly according to claim 1. wherein 
said raised-ridge microstructured contact pattern comprises ridges which meet at joining 

20 points, wherein no more than three ridges meet at any one joining point. 

6. The gasketed fuel cell membrane electrode assembly according to claim 5, wherein 
said raised-ridge microstractured contact pattern is a hexagonal pattern. 

25 7. The gasketed fuel cell membrane electrode assembly according to claim 5, wherein 
said raised-ridge microstructured contact pattern is a degenerate hexagonal pattern. 

8. The gasketed fuel cell membrane electrode assembly according to claim 2, wherein 
said raised-ridge microstructured contact pattern comprises ridges which meet at joining 



30 



points, wherein no more than three ridges meet at any one joining point. 



-13- 



wo 03/096456 



P C T../'^ !!J SPCT/lJS03/088^^^ g q 



9. The gasketed fuel cell membrane electrode assembly according to claim 8, wherein 
said raised-ridge microstructured contact pattern is a hexagonal pattern. 

10. The gasketed fuel cell membrane electrode assembly according to claim 8, wherein 
said raised-ridge microstructured contact pattern is a degenerate hexagonal pattern. 

1 1 . The gasketed fiiel cell membrane electrode assembly according to claim 3, wherein 
said raised-ridge microstructured contact pattern comprises ridges which meet at joining 
points, wherein no more than three ridges meet at any one joining point. 

1 2. The gasketed fuel cell membrane electrode assembly according to claim 11, 
wherein said raised-ridge microstructured contact pattern is a hexagonal pattern. 

13. The gasketed fuel cell membrane electrode assembly according to claim 11, 
wherein said raised-ridge microstractured contact pattern is a degenerate hexagonal 
pattern. 



14. The gasketed fuel cell membrane electrode assembly according to claim 4, wherein 
said raised-ridge microstractured contact pattern comprises ridges which meet at joining 
points, wherein no more than three ridges meet at any one joining point. 

15. The gasketed fuel cell membrane electrode assembly according to claim 14, 
wherein said raised-ridge microstructured contact pattern is a hexagonal pattern. 

16. The gasketed fuel cell membrane electrode assembly according to claim 14, 
wherein said raised-ridge microstructured contact pattern is a degenerate hexagonal 
pattern. 



17. The gasketed fuel cell membrane electrode assembly according to claim 5, wherein 
said nxicrostractured contact pattern comprises ridges having a width of no more than 300 
micrometers and a depth of no more than 100 micrometers. 
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18. The gasketed fuel cell membrane electrode assembly according to claim 8, wherein 
said microstructured contact pattern comprises ridges having a width of no more than 300 
micrometers and a depth of no more than 100 micrometers. 

1 9. The gasketed fuel ceU membrane electrode assembly according to claim 1 1 , 
wherein said microstructured contact pattern comprises ridges having a width of no more 
than 300 micrometers and a depth of no more than 100 micrometers. 

20. The gasketed fuel ceU membrane electrode assembly according to claim 14, 
wherein said microstructured contact pattern comprises ridges having a width of no more 
than' 300 micrometers and a depth of no more than 100 micrometers. 

21 . The gasketed fuel ceU membrane electrode assembly according to claim 5, wherein 
15 said elastomeric gasket material is selected from the group consisting of ethylene 

propylene diene monomer rubber (EPDM rubber), butyl rubber, and silicone. 

22. The gasketed fuel cell membrane electrode assembly according to claim 21 , 
wherein said elastomeric gasket material comprises siUcone. 



10 
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23. The gasketed fuel ceU membrane electrode assembly according to claim 8, wherein 
said elastomeric gasket material is selected from the group consisting of ethylc 
propylene diene monomer rubber (EPDM rubber), butyl rubber, and siHcone. 
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25 24. The gasketed fuel cell membrane electrode assembly according to claim 23, 
wherein said elastomeric gasket material comprises silicone. 

25. The gasketed fuel cell membrane electrode assembly according to claim 1 1 . 
wherein said elastomeric gasket material is selected from the group consisting of ethylene 
30 propylene diene monomer rubber (EPDM mbber). butyl rubber, and silicone. 
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26. The gasketed fuel cell membrane electrode assembly according to claim 25, 
wherein said elastomeric gasket material comprises silicone. 

27. The gasketed fuel cell membrane electrode assembly according to claim 14, 
wherein said elastomeric gasket material is selected from the group consisting of ethylene 
propylene diene monomer rubber (EPDM rubber), butyl mbber, and silicone. 

28. The gasketed fuel cell membrane electrode assembly according to claim 27, 
wherein said elastomeric gasket material comprises silicone. 

29. The gasketed fuel cell membrane electrode assembly according to claim 5 wherein 
said polymer electrolyte membrane has a thickness of no more than 30 micrometers. 

30. The gasketed fuel cell membrane electrode assembly according to claim 8 wherein 
said polymer electrolyte membrane has a thickness of no more than 30 micrometers. 

31. The gasketed fuel cell membrane electrode assembly according to claim 1 1 
wherein said polymer electrolyte membrane has a thickness of no more than 30 
micrometers. 

32. The gasketed fuel cell membrane electrode assembly according to claim 14 
wherein said polymer electrolyte membrane has a thickness of no more than 30 
micrometers. 

33. The gasketed fuel cell membrane electrode assembly according to claim 5 wherein 
said fluid transport layer comprises a carbon fiber constraction. 

34. The gasketed fuel cell membrane electrode assembly according to claim 8 wherein 
said fluid transport layer comprises a carbon fiber constraction. 
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35. The gasketed fuel cell membrane electrode assembly according to claim 1 1 
wherein said fluid transport layer comprises a carbon fiber constmction. 



36. The gasketed fuel cell membrane electrode assembly according to claim 14 
wherein said fluid transport layer comprises a carbon fiber constmction. 

37. A method of making a gasketed fuel cell membrane electrode assembly 
comprising: 

a) a polymer electrolyte membrane having an anode face with an outer edge 
portion, a cathode face with an outer edge portion, and an outer perimeter; 

b) a layer of anode catalyst material in contact with at least a portion of the 
anode face of said polymer electrolj^ membrane; 

c) a layer of cathode catalyst material in contact with at least a portion of the 
cathode face of said polymer electrolyte membrane; 

d) an anode-side fluid transport layer having an outer edge portion, said 
anode-side fluid transport layer being in contact with said layer of anode catalyst material, 
said anode-side fluid transport layer not extending over the outer edge portion of the anode 
side of said polymer electrolyte membrane; 

e) a cathode-side fluid transport layer having an outer edge portion, said 
cathode-side fluid transport layer being in contact with said layer of cathode catalyst 
material, said cathode-side fluid transport layer not extending over the outer edge portion 
of the cathode side of said polymer electrolyte membrane; 

f) an anode-side gasket comprising an elastomeric gasket material extending 
over the outer edge portion of the anode side of said polymer electrolyte membrane, said 
anode-side gasket having a contact face and an outer perimeter; and 

g) a cathode-side gasket comprising an elastomeric gasket material extending 
over the outer edge portion of the cathode side of said polymer electrolyte membrane, said 
cathode-side gasket having a contact face and an outer perimeter; 

wherein the elastomeric material of each gasket is impregnated into the outer edge 
portions of the respective fluid transport layer; 
which comprises the steps of: 
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i) positioning between platens of a press: 

1 ) an anode-side fluid transport layer, 

2) a layer of anode catalyst material, 

3) a polymer electrolyte membrane having an anode face with an outer 
edge portion and a cathode face with an outer edge portion, 

4) a layer of cathode catalyst material, and 

5) a cathode-side fluid transport layer; 

ii) applying an uncured elastomeric gasket material to the outer edge portion of 
the anode side of said polymer electrolj^e membrane, 

iii) applying an uncured elastomeric gasket material to the outer edge portion 
of the cathode side of said polymer electrolyte membrane, 

iv) applying heat and pressure so as to simultaneously: 

1) biBd together parts i)l), i)2), i)3), i)4), i)5); 

2) impregnate said uncured elastomeric gasket material into the outer 
edge portions of each fluid transport layer; and 

3) substantially cure said uncured elastomeric gasket material so as to 
form anode-side and cathode-side gaskets. 

38. The method of claim 37 wherein step i) additionally comprises positioning between 
said platens of said press: 

6) a rigid, non-elastomeric anode-side shim having an outer perimeter, 
said anode-side shim being positioned over the outer edge portion of the 
anode side of said polymer electrolyte membrane, said anode-side shim 
having a thickness which is less than 90% of the thickness of the anode-side 
fluid transport layer; and 

7) a rigid, non-elastomeric cathode-side shim having an outer 
perimeter, said cathode-side shim being positioned over the outer edge 
portion of the cathode side of said polymer electrolyte membrane, said 
cathode-side shim having a thickness which is less than 90% of the 
thickness of the cathode-side fluid transport layer. 
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39. The method according to claim 37 additionally comprising the step of: 

v) edge trimming the gasketed fuel cell membrane electrode assembly 
resulting from step iv) such that the outer perimeter of each of said gaskets is co- 
extensive with the outer perimeter of said polymer electrolyte membrane. 

40. The method according to claim 38 additionally comprising the step of: 

v) edge trimming the gasketed fuel cell membrane electrode assembly 
resulting from step iv) such that the outer perimeter of each of said gaskets is co- 
extensive with the outer perimeter of said polymer electrolyte membrane. 



41. The method according to claim 37 wherein at least a portion of the contact face of 
each of said gaskets bears a raised-ridge microstructured contact pattern, additionally 
comprising the step of: 

vi) positioning one or two patterning plates, which bear a negative relief of a 
15 raised-ridge microstructured contact pattern, between one or both platens of said 

press and said uncured elastomeric gasket material. 

42. The method according to claim 41 wherein said raised-ridge microstructured 
contact pattern comprises ridges which meet at joining points, wherein no more than three 

20 ridges meet at any one joining point. 

43. The method according to claim 38 wherein at least a portion of the contact face of 
each of said gaskets bears a raised-ridge nucrostructured contact pattern, additionally 
comprising the step of: 

25 vi) positioning one or two patterning plates, which bear a negative reUef of a raised- 
ridge microstractured contact pattern, between one or both platens of said press and said 
uncured elastomeric gasket material. 

44. The method according to claim 43 wherein said raised-ridge microstructured 

30 contact pattern comprises ridges which meet at joining points, wherein no more than three 
ridges meet at any one joining point. 
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45. The method according to claim 39 wherein at least a portion of the contact face of 
each of said gaskets bears a raised-ridge microstructured contact pattern, additionally 
comprising the step of: 

vi) positioning one or two patterning plates, which bear a negative relief of a raised- 
ridge microstructured contact pattern, between one or both platens of said press and said 
uncured elastomeric gasket material. 

46. The method according to claim 45 wherein said raised-ridge microstructured 
contact pattern comprises ridges which meet at joining points, wherein no more tiian three 
ridges meet at any one joining point. 

47. The method according to claim 40 wherein at least a portion of the contact face of 
each of said gaskets bears a raised-ridge microstractured contact pattern, additionally 
comprising the step of: 

vi) positioning one or two patterning plates, which bear a negative relief of a raised- 
ridge microstinictured contact pattern, between one or both platens of said press and said 
imcured elastomeric gasket material. 

48. The metiiod according to claim 47 wherein said raised-ridge microstructured 
contact pattern comprises ridges which meet at joming points, wherein no more tiian three 
ridges meet at any one joining point. 
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